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INTRODUCTION
The objective of an artificial insemination
(AI) program is not just to produce fertile
eggs, but to produce viable poults. It is impossible to ignore the positive impact of AI
technology ("AI technology" includes semen
collection and insemination techniques, development of diluents, dilution and semen storage techniques) when discussing turkey
breeding. Genetic advances and economic advantages, both real and potential, have been
realized when stored diluted semen is used
appropriately in breeding programs. This was
and continues to be the impetus for the estab-

lishment of the "stud farm," a central facility
dedicated to the management of the breeder
male.
It has been suggested that basic research
could offer the key to new insights and significant advancements in AI technology [l]. Unfortunately, few scientists worldwide are
dedicated to the study of poultry sperm physiology and the interaction of sperm and the
hen oviduct. Yet questions regarding semen
quality, sperm fecundity, semen storage, and
its effect on fertility and hatchability are continually being raised by industry personnel.
One approach to addressing these and similar
questions is to adapt existing technologies de-

1 Presented at the Third International Symposium on Turkey Reproduction, March 2524,1993

in Raleigh, NC.
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veloped for the culture and evaluation of somatic cells and tissues. In this paper, the direction of AI technology and potential new
approaches specific to the evaluation and storage of semen are briefly examined.

RECENT
ADVANCES
IN AI
TECHNOLOGY
An understanding of what may be seen in
the future is often revealed by some understanding of what has transpired in the recent
past. Since the mid-19803, major developments and improvements in AI technology
have been limited. However, three significant
advances have contributed to the development
and subsequent success of the stud farm as
well as AI in general. These include: 1) performing the initial insemination just prior to,
rather than after, the onset of egg production;
2) aeration of semen during storage; and
3) insemination doses based on the number of
sperm or number of viable sperm rather than
semen volume. In addition, researchers have
discovered that when semen is diluted and
stored, sperm undergo subtle adverse changes
not necessarily discernible with existing semen
evaluation procedures.
INITIAL INSEMINATION
By adjusting their AI schedule to include
the initial inseminations of hens just prior to
the onset of egg production, turkey breeders
realized an increase in fertile egg production
[2, 31. This practice is based on the observed
mating behavior of turkeys. Briefly stated, if
turkeys mate naturally, their frequencyof copulation is highest just before the onset of egg
production. The logical application of that observation, first demonstrated by McInty-e etal.
[4], is to inseminate hens prior to the onset of
egg production. Consequently, hens lay fertile
eggs from the onset of egg production and
tend to have higher, more sustained levels of
fertility. Currently, nearly all AI protocols dictate the insemination of hens before the onset
of egg production.
AERATING SEMEN
Comparative metabolic studies have revealed that turkey sperm, in contrast to
chicken sperm, require a continuous supply of
oxygen [5,6].Diluted semen can be sufficiently
aerated by increasing the surface area of the

semen:air interface (using a wide bottom flask
instead of a narrow test tube) and by agitating
the diluted semen on a rotary shaker. The
fertility of semen stored for 6 hr or less in such
a manner was comparable to that of fresh
semen [7) Primarily driven by this ability to
store semen, the "stud" farm was developed by
industry as a management system for toms.
With such a system, breeder male utilization
from management, economic, and genetic
perspectives is optimized.
SEMEN EVALUATION
In the 60's and 70's inseminations were
based on semen volume per dose, in the 70's
and 80's inseminations were made based on
numbers of sperm per dose, and in the late 80's
into the 90's inseminations are (or could be)
based on the number of viable sperm per
dose 181. Why have these changes occurred?
Obviously, 0.05 mL of diluted semen from
several different semen samples will not contain the same number of sperm. Tom-to-tom
(pen-to-pen) differences and differences between semen collectors will affect sperm concentration. One derives several advantages by
determining sperm concentration. A knowledge of sperm concentration not onlyprovides
a basis for calculating the number of sperm per
insemination dose but also serves as a measure
of semen quality. Furthermore, by inseminating known numbers of sperm, AI protocols
calling for an increase in the number of sperm
to be inseminated at specified intervals during
the egg production season can be used with
some degree of reliability [9].
With the introduction of the ethidiumbromide dye exclusion test [lo], the determination
of sperm viability became a relatively rapid
and reproducible procedure. Once the sperm
concentration and percentage of nonviable
sperm are known, the volume of semen necessary to inseminate a predetermined number of
viable sperm can be simply calculated. This
appears to be beneficial with fresh semen and
semen held less than 6 hr. However, adjusting
sperm numbers to compensate for nonviable
sperm following storage for 18 hr or longer is
questionable. Based on another sperm viability test (sperm stress test [ll]), about 50% of
the sperm are nonviable (presumed dead or
senescent) after storage for 12 hr (unpublished observations).
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Semen stored longer than 18 hr, while
scoring in a range considered normal for several semen evaluation procedures, including
the ethidium bromide test, does not have the
sustained fertilizing capacity of semen stored
for 6 hr or less. The sperm stress test reveals a
subpopulation of sperm in semen stored for
18 hr or longer not previously detected by
other evaluation procedures. It is assumed
that this subpopulation of "unfit"sperm has an
adverse effect on the viable sperm population
[111*

SOME
FUTURE
DEVELOPMENTS
IN AI
TECHNOLOGY
In this section, four areas will be discussed
from a perspective of possible future developments in AI technology based on existing
products and procedures developed for other
technologies. These include semen diluents,
semen evaluation, tom selection, and germplasm preservation.
SEMEN DILUENTS AND STORAGE
Nearly all commercial diluents available
today are derived from formulations proposed
over a decade ago [12,13].Attempts to remedy
the inability of these diluents to sustain sperm
fecundity after storage for 18-24 hr have had
limited success [14,15], so future work should
focus on the development of new diluents designed specifically for the storage of semen for
24 hr and longer. Toward this end, attention
should be directed to the wealth of information available in the area of cell and tissue
culture technology. Notwithstanding the failure of two cell culture supplements to augment
turkey sperm fecundity after 24 hr storage [ 161,
one or more of the other dozens of media
formulations and supplements commercially
available may prove to be useful in the dilution
and storage of semen.
Only within the last few years has it become apparent that the sperm plasmalemma
is subject to subtle alterations and damage not
accounted for in routine semen evaluation
procedures [ll, 17, 181. As more is learned
about how the sperm plasmalemma is affected
by dilution and storage, the likelihood of
developing a diluent to minimize or to
compensate for such effects will be greater.
Indeed, the more about the dynamics of sperm
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selection and transport in the vagina we learn
[19], the greater the likelihood of this "new"
diluent providing more efficient use of sperm
numbers.
Also, novel approaches to the oxygenation of semen during storage may soon find
practical application. Perfluorocarbon (PFC)
emulsions, which have high oxygen-carrying
capabilities, have been used to oxygenate somatic cell cultures [20]. Oxygenation of turkey
semen with PFC has already been attempted
[21], and PFC emulsions have been reported
to be compatible with turkey sperm [22].
SEMEN EVALUATION
Some procedures used in human andrology and mammalian cell culture laboratories
to evaluate semen and cell samples may be
adaptable to the evaluation of turkey semen.
Such procedures generally have the advantages of being automated and objective. Furthermore, large numbers of samples can
simultaneously be evaluated in a short period
of time, an advantageous feature if one wishes
to evaluate the semen quality of individual
males.
A rapid, automated procedure for the
evaluation of large numbers of semen samples
has been described by Bayyari et ai. [23]. Individual tom semen samples were placed in separate wells in a 96-well microliter plate
subjected to a sperm viability assay using fluorescent stains. The plate was read by a fluorescence concentration analyzer (similar to
ELISA plate reader) in three minutes. The use
of such analyzers, routinely used in reading
ELISA's, can be adapted to other semen evaluation assays relying on the production of a
colored reaction product (colorimetric assays).
The addition of computer-assisted procedures to the semen evaluation laboratory will
permit the rapid and reproducible assessments of the semen quality of individual toms.
Furthermore, equipment already found in
most diagnostic laboratories can be adapted to
measure sperm characteristics such as motility
and ATP content. In chickens, these measures
appear to be correlated to fertility [24].
It is now known that after liquid storage
for 24 hr a significant percentage of the sperm
possesses damaged plasma membranes (and
consequently are infertile) and that such
sperm appear to affect the fertilizing capacity
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of the intact, viable sperm [U].
A procedure
which removes the damaged sperm and concentrates the viable sperm may augment the
fertilizing capacity of the viable sperm population. Likewise, once the physiological and biochemical basis of sperm selection by the vagina
is better understood (following the insemination of 200 X 106 sperm, no more than 2 to 5
million sperm are stored in the oviducal
sperm-storage sites [XI), procedures can be
developed to select this subpopulation of "fit"
sperm for storage and AI.
TOM SELECTION
Tom selection based on specific polygenic
traits such as semen volume will be (or may
already be) made on the basis of genetic markers revealed in DNA analysis or biochemical
or serological analyses. Selection based on
such markers could be performed soon after
hatch rather than waiting for the onset of
semen production. As this technology develops, new markers linked to the production of
sperm which possess a high tolerance (in terms
of sustained high fertility and hatchability) to
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